ABSTRACT.-Studies of song and its function in suboscine passerines are rare. We examined spatial and temporal variation in song structure in a wild population of Olive-sided Flycatchers (Contopus cooperi) and tested among hypotheses explaining this variation. Repeatable variation in song type was observed both within and among individuals. More than 10% of territorial males expressed atypical song types, i.e., permutations of sequential missing and repeated elements of the typical adult song. Atypical songs were predominantly expressed by unpaired males independent of habitat type. A small fraction of males sang atypical song through the middle of the breeding season, but all males sang only stereotypical adult song by the end of the season. These results suggest the expression of atypical songs reflect protracted vocal development rather than evolution of new song types, geographic variation in song structure, or an extensive song repertoire in Olive-sided Flycatchers.
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ABSTRACT.-Studies of song and its function in suboscine passerines are rare. We examined spatial and temporal variation in song structure in a wild population of Olive-sided Flycatchers (Contopus cooperi) and tested among hypotheses explaining this variation. Repeatable variation in song type was observed both within and among individuals. More than 10% of territorial males expressed atypical song types, i.e., permutations of sequential missing and repeated elements of the typical adult song. Atypical songs were predominantly expressed by unpaired males independent of habitat type. A small fraction of males sang atypical song through the middle of the breeding season, but all males sang only stereotypical adult song by the end of the season. These results suggest the expression of atypical songs reflect protracted vocal development rather than evolution of new song types, geographic variation in song structure, or an extensive song repertoire in Olive-sided Flycatchers. Suboscines comprise ,20% (1,151 species) of the Order Passeriformes (Sibley and Monroe 1990) , but studies of bird song and its functions have focused almost exclusively on oscines. Suboscines are characteristically incapable of song learning (Kroodsma 1984 , but see Saranthan et al. 2007 ). Substantial variation in suboscine song structure exists and likely has important implications for evolution of suboscine breeding systems. Some suboscine species exhibit geographic variation in song structure (Lindell 1998 , Sedgwick 2001 , Isler et al. 2005 . Others exhibit a repertoire of song types (Craig 1943 , Kroodsma 1985 , Smith and Smith 1996 , Lein 2007 and, even in species with a single song type (e.g., Vermillion Flycatcher, Pyrocephalus rubinus), males can vary the length of a single structural component resulting in 'long' or 'short' songs (Ríos-Chelén and Garcia 2007) . Males express different song types when associating with a female or interacting with competing neighboring males. Thus, as in oscine passerines, different aspects of song expression should vary in importance throughout the breeding season (Smith and Smith 1996 , Ríos-Chelén and Garcia 2007 , Sexton et al. 2007 ). However, a paucity of studies examining variation in structure of suboscine song remains a barrier to a clearer understanding of the frequency and extent of variation in song among suboscine species.
We investigated variation in song structure in the Olive-sided Flycatcher (Contopus cooperi) because reports of 'alternate song types ' (Wright 1997 in Altman and Sallabanks 2000) suggest the existence of substantial extant variation, but the underlying source of this variation remains unclear. The Olive-sided Flycatcher is a migratory flycatcher in the family Tyrannidae (Sibley and Ahlquist 1990) . The typical adult male song is a loud three-note whistle popularly translated as ''quick, three beers!'' (Fig. 1) , which can be detected from distances as great as 500 m (Brandy 2001) . The first note is shorter, softer, and lower in pitch than the other two, which are strongly accented and drawn out (Altman and Sallabanks 2000) . Variation in song structure in Olive-sided Flycatchers may reflect the expression of alternative song types by individuals or differences in song expression of different individuals or populations, and it may also arise from the existence of song fragments that are ephemeral precursors in the development of a stereotypical adult song type. Male suboscines commonly produce a typical adult song by onset of their first breeding season (Kroodsma 1984 (Kroodsma , 1985 Kroodsma and Konishi 1991; Trainer et al. 2002) , but a longer developmental period is possible and we considered a protracted vocal ontogeny as another potential explanation for variation in song structure. Our objective was to test among these alternative hypotheses by providing a detailed description of the extent of song variation within and among different individual Olive-sided Flycatcher populations, and how the song structure of individuals changed throughout the breeding season. Sites were separated by 32 km and a branch of the Flathead Mountain range. We surveyed for male flycatchers from mid-May (before arrival of any male) through early August and characterized individual male vocalizations during three 12-day sampling sessions: (1) post-arrival (21 May-2 Jun), (2) mid-breeding season (23 Jun-4 Jul) and (3) late-breeding (25 Jul-5 Aug). We located nesting attempts within the study area (Robertson and Hutto 2007) and mapped territories of individual males by spot-mapping vocalizing and counter-vocalizing territorial males (Ralph et al. 1993) . Territory locations and estimated sizes were based on a minimum of 23 locations of an individual singing, counter-singing, or having other aggressive interactions with other territorial males and were marked on a high-resolution aerial photo of the study area (1:700). Individual nests and conspicuous landmarks throughout the study area were located using handheld Global Positioning System units and placed on georectified handheld maps to improve the accuracy of mapped locations of males. Flycatcher territories were large (.20 ha) at both sites and separated by at least 100 m (B. A. Robertson, unpubl. data) . Territories were considered occupied if a male was detected singing over three consecutive days during the arrival period, attending an incubating female, and/or feeding young or observed defending the area over at least five consecutive visits during the breeding season (Robertson and Hutto 2007) .
Each territory was visited twice during each of the three sampling periods prior to 1100 hrs MDT. We approached focal males detected at their first audible vocalization to within 50 m, well within the effective detection distance for this species (300 m, Brandy 2001), and documented song type by ear, recording the order and number of each song syllable (quick, three, beers) for a minimum of 5 min of continuous song. We kept males constantly in sight during all observations. Sampling by ear may limit our ability to detect subtle differences in tone or volume, but the highly discernable nature of each syllable, along with the simple and highly repeatable structure of each song, enabled us to easily differentiate among distinct song types. We characterized males singing atypical songs as those that were repeatedly missing one of the three syllables characteristic of adult song (quick, three beers!) or those in which syllables were repeated in sequence (e.g., ''quick, three!'', ''three beers!'', ''quick, three beer-beers!'', ''quick, quick, three beers!'' or ''beers!''). Vocalization of the lone syllable ''quick'' is commonly used as an alarm call (Altman and Sallabanks 2000) , and this syllable was not considered a song fragment. We considered a male to be expressing an alternative song only if he consistently sang a minimum of 10 sequential repetitions of a single atypical song type during both of our visits during the same sampling period.
We estimated habitat-specific pairing success based on the percentage of territorial males that were observed in close association with a female on at least three separate visits or were observed in association with a nesting attempt. We compared the frequency of males with atypical song types between habitats at the onset of breeding using a Chi-square test of independence and used a 5 0.05 as the level of statistical significance.
RESULTS
We identified 66 territorial males from the two habitat types (burn: n 5 31; harvest: n 5 35), of which 13.5% (9 males) consistently presented atypical song types within at least one sampling session. Males' song types represented permutations of sequential and repeated elements of the typical adult song (''quick, three!'', n 5 5; ''quick, three, beer-beers!'', n 5 1; ''quick, quick, three beers!'', n 5 2; ''three beers!'', n 5 1) and individuals were not observed to sing more than one 'type' of atypical song. Males singing typical song were not heard to revert back to expressing even a single bout of atypical song. No males were observed singing different song types (atypical or typical) within a sampling session, but seven of the nine males observed singing atypical song types at the onset of the breeding season had switched to stereotypical adult song by the second sampling session. The remaining two males were also singing only stereotypical adult song by the final sampling session.
The frequency of males singing atypical song types was significantly higher in the burned habitat (burned, n 5 7; harvested, n 5 2; x 2 1~3 :971, P 5 0.050). Overall, seasonal pairing success was 71% (47 of 66), yet males singing atypical song types during the first sampling session were less likely to find a mate (Fisher's exact test, P 5 0.009); only two of nine males singing atypical songs were paired, both of which were in the harvested study area.
DISCUSSION
Repeatable variation in song type was observed among individuals with .10% of the population expressing atypical song types, and within individuals, despite a consistent preference for an atypical song type by some individuals well into the breeding season. All males sang stereotypical adult songs by the end of the season. That atypical songs were predominantly expressed by unpaired males, and that all males sang the same song type by the end of the season suggests the expression of atypical songs may reflect protracted vocal development, rather than evolution of new song types, geographic variation in song structure, or an extensive song repertoire in Olivesided Flycatchers. Previous research on suboscines has demonstrated that atypical song types are not uncommon at the onset of the breeding season (Craig 1943) . Assuming oscines and suboscines experience similar processes of song crystallization (e.g., Kroodsma 1984 Kroodsma , 1985 Kroodsma and Konishi 1991) , occasional atypical vocalizations likely result from variation in the timing of the crystallization of adult song. Our results illustrate an unusually delayed progress in song crystallization compared to previous studies in the wild (e.g., Craig 1943) with some males singing atypical song types into the latter half of the breeding season.
Our results support protracted vocal ontogeny as the most parsimonious explanation for variation in song structure in these populations, but we did not directly assign age or mark individual birds which may limit our ability to exclude alternative explanations. There is good reason to believe individuals expressing atypical songs are likely younger and/or subordinate individuals. First, atypical song types were most commonly expressed in burned habitats. Olive-sided Flycatchers prefer selectively harvested forests, and younger and/or subordinate birds are generally relegated to burned forests (Robertson and Hutto 2007) . Second, pairing success was significantly lower among individuals with alternative songs, as is common among younger and/or subordinate passerines (reviewed by Saether 1990 ). The generally low pairing success in this system may reflect slow colonization of burned forests for which creation is a generally rare and unpredictable event. Last, no males were found expressing alternative songs anywhere in the study area at the end of the breeding season which suggests that yearlings eventually developed stereotypical songs or that subordinate individuals were displaced by dominant individuals expressing stereotypical songs.
Our results illustrate that many individuals lack either the ability or motivation to produce all three syllables of the adult song at the beginning of the breeding season, which could have significant fitness consequences due to reduced pairing success. The coarse structural differences we observed may be accompanied by more subtle differences in song structure among or within individual males and among geographically more distant areas. An improved library of information on variation in suboscine song structure and ontogeny in the wild is essential if we are to develop a more synthetic understanding of the mechanisms governing vocal development and the function of song in this poorly understood avian clade.
